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1. Background
Flood Frequency Analysis (FFA) aims to quantify the risk posed by floods to specific areas by, for example, estimating the size of flood that an area
would expect to see on average once in 100 years. One approach towards FFA involves fitting a statistical model to the series of maximum annual river
flows. In fitting such a model, hydrologists typically only use data that has been collected in the modern era through the systematic measurement of
river flows. One drawback to this approach is that the duration of these records is short, being only 40-50 years long on average for the UK – far shorter
than the time period for which prediction is often required.
Fortunately, there exist sources of non-systematic data which can complement the systematic record. These include historical records in the form of
flood marks carved into bridges, old photographs, and newspaper reports. Inclusion of this data into the modelling procedure can improve the quality
of subsequent inference.
2. Data
Annual Maximum Flows for the River Lune at Caton
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Perception threshold: X0
• Data analysed is of the river Lune at Caton,
Lancashire
• The 48-year systematic record was obtained
from the National River Flow Archive [1]
• Magnitude estimates for eight historical
floods over a 76-year period are available
from the Flood Studies Report [2]
• The December 2015 flood event exceeded ev-
ery systematic and historical record
• The largest three flood events are all in the
systematic record, despite it being shorter
than the historical period
3. Assumptions
• The perception threshold was set to be
the magnitude of the smallest historical flow,
as in a previous analysis of this data [3]
• Annual maxima were assumed to originate
from a Generalised Logistic distribution
(GLO) as per UK standards [4]
• Annual maxima were also assumed to be in-
dependent and identically distributed
• It was assumed that there was no under-
recording during the historical period
4. Methods
• Two separate GLO distributions were fitted
– one with, and the other without, the his-
torical records
• Parameters were estimated using a maxi-
mum likelihood method similar to the one
presented in Macdonald et al. [5] using the
following likelihood function:
` (D|θ) =
s∏
i=1
fX(xi; θ) ·
k∏
j=1
fX(yj ; θ) ·{(
h
k
)
FX(X0; θ)h−k [1− FX(X0; θ)]k
}
5. Results and Conclusions
Return Plots with and without Historical Records
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• Including historical data has shifted the return curve to the right, resulting in a longer estimated
return period for any given flow rate
– The 100-year flood estimate decreased from 1882m3/s to 1476m3/s, a drop of 22%
• Confidence intervals have also narrowed substantially, especially for longer return periods
– The width of the 95% confidence interval for the 100 year flood decreased from 1840m3/s to
730m3/s, a drop of 60%
• This demonstrates the potential for non-systematic records to add value to a flood frequency
analysis
6. Future Work
• The systematic record is a combination of measurements from two nearby gauging stations.
Whether it would be advantageous to fit a different distribution to each station has not been
addressed here
• There is considerable uncertainty in the estimated magnitude of historical flows, which has not
been taken into account in this analysis
• Given that the largest three flood events all occurred in the systematic record, an investigation
into possible non-stationarity of the series would be worthwhile
• A Bayesian analysis would allow more the uncertainty to be captured more naturally, and would
permit skew in the confidence intervals
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